The effects of chronic treatment with ginseng saponin, saikosaponin, glycyrrhizin and flavin adenine dinucleotide (FAD) on the adrenal and thymus weight, and the size of the adrenal cortex and medulla were determined in intact or hypophysectomized rats. A high dose of ginseng saponin significantly decreased the thymus weight, although ginseng saponin and a low dose of adrenocorticotropin (ACTH) induced insignificant hypertrophy of the adrenals. Ginseng saponin evoked a significant increase in the relative thickness of the adrenal cortex. Saikosaponin d increased the area of the adrenal cortex, but not that of the medulla, and induced adrenal hypertrophy and thymus atrophy, whereas saikosaponin c did not affect the weight of either. A high dose of glycyrrhetinic acid, like ginseng saponin, induced thymus atiophy, but not adrenal hypertrophy.
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FAD evoked adrenal hypertrophy in dexamethasone-treated rats but not in control rats. In hypophysectomized rats these effects of ginseng saponin, saikosaponin d and FAD disappeared, while a low dose of dexamethasone or ACTH induced thymus atrophy or adrenal hypertrophy , respectively. reduction of corticoids in the liver, which "potentiated" and prolonged the action of corticosteroids. 8, 9) Glycyrrhizin antagonized cortisone-induced suppression of adrenocorticotropin (ACTH) synthesis in adrenalectomized rats, and cortisone-induced suppression of compensatory adrenal hypertrophy in unilaterally adrenalectomized rats.10) Tanizawa et al. showed that glycyrihizin antagonized cortisone-induced atrophy of both adrenal and thymus in unilaterally adrenalectomized and cortisone-treated rats.5) In intact rats, glycyrrhetinic acid sapogenin of glycyrrhizin evoked marked inhibition of 5/3-reductase and antigranulomatous action.11) Ono et al. reported that flavin adenine dinucleotide (FAD) simultaneously administered with dexamethasone phosphate prevented the dexamethasone-induced decrease in relative weight of the adrenals in intact rats,12) and FAD did not affect the relative weight of the adrenals in hypophysectomized rats, which had not been treated with dexamethasone.13) Triterpenoidal saponins from P. ginseng,14-16) B. falcatum17,18) and Platycodon grandiforum A. DC.19) and total saponins from several other crude drugs20) increased plasma ACTH and corticosterone in acute experiments, whereas a high dose of saikosaponin c from B. falcatum17) or glycyrrhizinl 5) did not. A high dose of ginseng saponin partially antagonized dexamethasone-induced blocking of (ACTH and) corticosterone secretion,21) and a high dose of saikosaponin a or d completely released dexamethasone-induced blocking of the pituitary in an acute experiment.22) Chronic treatment with a moderate dose of saikosaponin d induced hypertrophy of the adrenals and atrophy of the thymus, and in rats treated with a high dose of saikosaponin alone long term or with a high dose of dexamethasone, saikosaponin induced slight atrophy of the adrenals and marked atrophy of the thymus.23) The present study was undertaken to examine the effect of ginseng saponin, saikosaponins d and c, glycyrrhizin, glycyrrhetinic acid, and FAD on the wet weight of the adrenal and thymus, the histologically determined size of the cortex and medulla of the adrenal gland, and the body weight in rats.
Materials and Methods
Four-week-old Wistar male rats initially weighing 85-95 g were used. Hypophysectomized male Wistar rats weighing 135-155 (5-week-old) or 95-115 g (4-week-old) were from Nippon Hypox, Yamanashi. They were fed on laboratory chow (CE-2, CLEA Japan Inc., Tokyo) and tap water ad libitum, and maintained with artificial light (light on: 0700 to 1900 h) for more than 7 or 12 d. Rats were "gentled" by handling and weighing every morning and evening. After conditioning for 3 or 7 d they were injected intraperitoneally with 5 ml/kg of saline (pyrogen-free saline or 2.5% ethanol-saline) or test substance once a day in the evening just after weighing for 4 or 5 successive days; this time was chosen in relation to the circadian rhythm of plasma corticosterone level in rats. At 15 or 24 h after the final injection, they were decapitated with a guillotine. Immediately after this, the adrenal glands and thymus were rapidly excised, put into ice-cold saline, and then weighed after being cleaned in cold saline and blotted on filter paper.
Immediately after weighing, the adrenal gland was fixed with formalin-acetic acid-ethanol solution (10 : 5 : 85), then dehydrated, embedded in paraffin and sectioned serially at 20 pm according to routine procedures. Serial secions were stained with Delafield's hematoxylin and eosin. The area of the adrenal cortex and medulla of one specified section among the serial sections was measured by the use of a camera lucida essentially as described in the previous paper.') Ginseng saponin fraction 4 or 6 contained 36 and 45% protopanaxadiol equivalent sapogenin, respectively, and ginsenosides Rb,, Rb2, Rc, Rc2, Rd, Re and Rg,. They were obtained as described in the previous paper.251 Saikosaponins d and c were kindly supplied by Drs. K. Takeda and K. Sakurai of Shionogi Research Laboratories, Shionogi and Co., Ltd., Osaka. Glycyrrhizin and glycyrrhetinic acid were from Tokyo Kasei Kogyo Co., Ltd. and Fluka AG Chemische Fabrik, Switzerland, respectively; they were dissolved in an appropriate volume of ethanol and neutralizd with NaOH solution, and then saline was added to the solution just before use to form a gel-like suspension. The disodium salt of flavin adenine dinucleotide was from Nakarai Chemicals Ltd., Kyoto. Cortrosyn z injection as corticotropin was from N. V. Organon, Netherlands. Other chemicals were of reagent grade.
Results

Effect of Ginseng Saponin on Body Weight Gain, and Adrenal and Thymus Weight
In order to avoid possible superficial influence on the weight of the adrenals and thymus due to differences of body weight and body weight change during the experimental period, the relative weight with respect to the initial body weight in the evening of day 0 was adopted as a criterion.23) As shown in Table Ia in rats treated with ginseng saponin mixture fraction 4 for 4 d, a low dose of ginseng saponin (30 or 60 mg/kg/d) did not affect body weight gain, or the relative weight of the adrenals and thymus. In dexamethasone-treated rats, 60 mg/kg/d of ginseng saponin also insignificantly affected body weight gain, and the relative weight of the adrenals and thymus. The ED50 value of fraction 6 saponin on corticosterone secretion-inducing activity was 15 mg/kg.15) In rats treated with a high dose of fraction 6 saponin (125 mg/kg/d) for 5 d, ginseng saponin significantly decreased the daily body weight gain, tended to increase the relative weight of the adrenals, but significantly decreased the relative weight of the thymus (Table Ia) . The decrease in body weight gain was probably a result of the decrease in food intake, which was observed with ginseng saponin mixture by Bombardelli et al.41 and with ginsenoside Rb1 by Takagi.261 In dexamethasone-treated rats, ginseng saponin induced a significant decrease in body weight gain, as in dexamethasone-untreated rats, but it tended to evoke adrenal hypertrophy and thymus atrophy. ACTH (4 U or 0.1 mg/kg/d) tended to increase adrenal weight and to decrease thymus weight. Dexamethasone (0.025 mg/kg/d) was atrophic on both the adrenals and thymus (in experiment 2, vs. saline, p <0.05 and p <0.01). Quantitative Histological Study of Ginseng Saponin Action on the Adrenal Cortex and Medulla One section of the adrenal gland, which had the largest area, was selected among the serial sections on the basis of microscopic determination of the length and width. Because the thickness of the adrenal cortex was markedly uneven even in the same section, the area of the adrenal cortex of the section was determined by using a camera lucida, and its square root was calculated to estimate the mean thickness equivalent of the adrenal cortex. In addition to this, in order to avoid superficial influence due to difference of body weight, the relative thickness of the cortex with respect to the thickness or radius of the medulla as an internal standard in the same section was adopted.
In control and dexamethasone-treated rats, ginseng saponin and ACTH tended to increase the cortex area of the adrenal but did not affect the medulla area (Table Ib) . In control rats, ginseng saponin significantly increased the relative thickness and volume of the cortex, but in dexamethasone-treated rats, the effect of the same dose of ginseng saponin on both length and volume was insignificant. These results suggested that effect of ginseng saponin on the adrenal cortex was roughly parallel to that on the relative weight of the adrenals (Table Ia and b).
Effect of Saikosaponins d and c on the Adrenal Cortex
The ED50 value of saikosaponin d on corticosterone secretion-inducing activity was 0.33 mg/kg, but 100 mg/kg of saikosaponin c was not effective.17,18) Treatment with 2.5 mg/kg/d of saikosaponin d for 5 d significantly increased the adrenal weight and decreased the thymus weight.23) The same treatment with saikosaponin d significantly increased the area of the cortex but not that of the medulla (Table II) . In the experiment with the 4-d treatment, 2.5 mg/kg/d of saikosaponin d significantly increased the adrenal weight and decreased the thymus weight, while 7.5 mg/kg/d of saikosaponin c did not affect body weight gain, or the adrenal or thymus weight in control or dexamethasone-treated rats. A high dose of ACTH induced marked adrenal hypertrophy and thymus atrophy in dexamethasone-treated rats (Table III) .
Effects of Glycyrrhizin and Glycyrrhetinic Acid on the Adrenal and Thymus Weight
Acute treatment with 100 mg/kg of glycyrrhizin induced no increase in plasma corticosterone.15) Treatment with 100 mg/kg/d of glycyrrhizin for 4d also did not affect body weight, the adrenal weight or the thymus weights in control or dexamethasone-treated rats. A high dose of dexamethasone (0.05 mg/kg/d) markedly reduced both adrenal and thymus weights (p < 0.001, p < 0.001 vs. saline, Table IV ).
In chronic treatment with glycyrrhetinic acid, the sapogenin of glycyrrhizin, for 4 d, low doses had no effect, but the high dose (50 mg/kg/d) significantly decreased daily body weight gain and the thymus weight, but it did not induce adrenal hypertrophy as saikosaponin d did. The decrease in body weight gain was accompanied with a decrease in food and water intake (144 g/kg body weight and 210 ml/kg body weight to 71 g/kg and 120 ml/kg, respectively, during the 1st 24 h period, and 141 g/kg and 205 ml/kg to 126 g/kg and 200 ml/kg, respectively, during the 2nd 24 h period).
Effect of FAD on the Adrenal and Thymus Weight in Control and Dexamethasone-Treated Rats
In rats treated with 70 mg/kg/d of FAD for 4 d, FAD did not affect body weight gain, and it tended to increase the adrenal weight and to decrease the thymus weight (Table V) . In another experiment, treatment with 70 mg/kg/d of FAD induced a decrease in daily body weight gain, which was accompanied with a slight decrease in food intake (1st 24 h, 123 g/kg body weight to 115 g/kg; 2nd 24 h, 138 to 141 g/kg; 3rd 24 h, 134 to 110 g/kg). In dexamethasone-treated rats, FAD simultaneously administered with dexamethasone induced a significant decrease in daily body weight gain, and clearly antagonized the atrophic effect of dexamethasone on the adrenals, though it did not affect thymus weight (Table V) .
Effects of Ginseng Saponin, FAD and Dexamethasone on the Adrenal and Thymus Weight in Hypophysectomized Rats
In hypophysectomized rats, 2.5 mg/kg/d of saikosaponin d did not affect adrenal or thymus weight, but 0.1 mg/kg/d of ACTH markedly increased adrenal weight, whereas in intact rats the former was more effective than the latter (Tables VI, III and Ia) . In hypophysectomized rats, treatment with a high dose of ginseng saponin markedly decreased the body weight, as in intact rats. In hypophysectomized rats, a high dose of ginseng saponin or FAD had no effect on adrenal or thymus weight, while in intact rats they markedly decreased the thymus weight (Tables VI, Ia and V). In hypophysectomized rats, a high dose of dexamethasone (0.05 mg/kg/d) did not decrease the adrenal weight, but a low dose decreased the thymus weight, while a high dose of ACTH did not decrease the thymus weight (Table  VI) .
Discussion
Daily treatment with ginseng saponin, saikosaponin d, glycyrrhetinic acid, and FAD, but not saikosaponin c or glycyrrhizin, for 4 or 5 d induced thymus atrophy resembling that observed with dexamethasone, and a tendency for adrenal hypertrophy like that caused by ACTH in intact rats. In hypophysectomized rats, however, these effects of ginseng saponin and FAD as well as saikosaponin d were completely lost, whereas the effect of ACTH on the adrenal weight was exaggerated. These results suggested that ginseng saponin and FAD as well as saikosaponin d primarily acted on the hypothalamic-pituitary system to secrete ACTH, which stimulated adrenal growth, and the secretion and synthesis of corticosterone in the adrenal cortex, which ultimately resulted in thymus atrophy. This suggested that riboflavin and also FAD have some direct action on the adrenals, which may differ from that of ACTH. Therefore, the mechanism of action of FAD on histological and functional changes in the adrenal cortex remains to be elucidated.
